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Period for Reply 

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTH(S) FROM 
THE MAILING DATE OF THIS COMMUNICATION. 

- Extensions of time may be available under the provisions of 37 CFR 1 .136(a). In no event, however, may a reply be timely filed 
after SIX (6) MONTHS from the mailing date of this communication. 

- If the period for reply specified above is less than thirty (30) days, a reply within the statutory minimum of thirty (30) days will be considered timely. 

- If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication. 

- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133). 
Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any 
earned patent term adjustment. See 37 CFR 1.704(b). 

Status 

1)K Responsive to communication(s) filed on 19 November 2004 . 
2a)D This action is FINAL. 2b)S This action is non-final. 

3) D Since this application is in condition for allowance except for formal matters, prosecution as to the merits is 

closed in accordance with the practice under Ex parte Quayle, 1935 CD. 11, 453 O.G. 213. 
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4) E3 Claim(s) 1-60 is/are pending in the application. 

4a) Of the above claim(s) 8.9.21 .22.34.35.47 '.48 and 56-60 is/are withdrawn from consideration. 

5) D Claim(s) is/are allowed. 

6) G3 Claim(s) 1-7. 10-20.23-33.36-46 and 49-55 is/are rejected. 

7) D Claim(s) is/are objected to. 

8) D Claim(s) are subject to restriction and/or election requirement. 

Application Papers 

9) |3 The specification is objected to by the Examiner. 

10) S The drawing(s) filed on 10 October 2003 is/are: a)[>3 accepted or b)D objected to by the Examiner. 

Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a). 
Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d). 

11) D The oath or declaration is objected to by the Examiner. Note the attached Office Action or form PTO-152. 

Priority under 35 U.S.C. § 119 

12) 13 Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f). 
a)G3 All b)Q Some * c)D None of: 

1 Certified copies of the priority documents have been received. 

2. D Certified copies of the priority documents have been received in Application No. . 

3. D Copies of the certified copies of the priority documents have been received in this National Stage 

application from the International Bureau (PCT Rule 17.2(a)). 
* See the attached detailed Office action for a list of the certified copies not received. 
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DETAILED ACTION 

Election/Restrictions 

1. Upon reconsideration of the species restriction (Paper Mailed 10/19/2004) based on 
applicant's election, it has been determined that there are two mutually exclusive species rather 
than five. Species I is drawn to a device having a fourth semiconductor layer of second 
conductivity type formed near the bottom portion of a trench to which claims 6, 19, 32 and 45 
are drawn. Species II is drawn to a device having a fourth semiconductor layer of second 
conductivity type formed as a current passage acquiring layer between the first and second layers 
to which claims 8, 9, 21, 22, 34, 35, 47 and 48 are drawn. Claims 1-5, 7, 10-18, 20, 23-31, 33, 
36-44, 46 and 49-55 are generic. Claims 56-60 are drawn to a method which is restrictable from 
the device claims 1-55 because the device could be made by a process which selectively forms 
the third layer rather than forming the layer as a blanket layer and then forming a trench therein. 
Applicant has elected species I and indicates that claims 1-7, 10-13, 17-46 and 49-54 are 
readable thereon. However, as pointed out above, claims 8, 9, 21, 22, 34, 35, 47 and 48 are all 
drawn to species II. As such, claims 1-7, 10-20, 23-33, 36-46 and 49-55 are herein considered as 
drawn to species I or a generic claim. 

Claim Objections 

2. Claim 17 is objected to because of the following informalities: on line 1 1, insert -to- 
after "formed" or otherwise correct the phrase's grammar. Appropriate correction is required. 
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Claim Rejections - 35 USC §112 
The following is a quotation of the second paragraph of 35 U.S.C. 1 12: 

The specification shall conclude with one or more claims particularly pointing out and distinctly claiming the 
subject matter which the applicant regards as his invention. 

3. Claims 16, 29, 42 and 55 each recites the limitation "fifth semiconductor layer". There is 
insufficient antecedent basis for this limitation in the claim. It is suggested that the claims be 
amended to depend from claims 12, 25, 38 and 51 respectively. 

Claim Rejections - 35 USC § 102 
The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that form the 
basis for the rejections under this section made in this Office action: 

A person shall be entitled to a patent unless - 

(b) the invention was patented or described in a printed publication in this or a foreign country or in public use or on 
sale in this country, more than one year prior to the date of application for patent in the United States. 

4. Claims 1-4, 6, 7, 10-13, 16, 17, 19, 20, 23-26, 29, 43, 45, 46, 49-52 and 55 are rejected 
under 35 U.S.C. 102(b) as being anticipated by 6,008,520 to Darwish et al. Darwish teaches, 
with reference to figure 4, a semiconductor device comprising: 

a first semiconductor layer 1 1 1 of a first conductivity type (N-type); 

a second semiconductor layer 1 16 of a second conductivity type (P-type) formed on a 
main surface of the first semiconductor layer; 

a third semiconductor layer 1 12 of the first conductivity type formed in the second layer 
116 and electrically isolated from the first layer 111; 
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a trench formed to extend from the surface of the third layer and penetrate the third layer 
and having depth to reach at least a portion lying near the first layer 1 1 1 (the trench is not labeled 
in fig. 4 but is generally that area filled with elements 102/106); 

a first insulating film 106 formed on sidewalls and a bottom portion of the trench; 

a first electrode 102 formed at least partly on the first insulating film in the trench and 
electrically isolated from the first to third layers; and 

a fourth semiconductor layer 402 of the first conductivity type formed near the trench on 
an interface between the first 1 1 1 and second 116 layers and having an impurity concentration 
higher than that of the first layer (see fig. 5 showing delta layer (402) having a higher 
concentration that drift region 111); 

wherein an impurity concentration profile of the second layer 1 16 has first and second 
peaks (note in fig. 4 that region 1 16 has a P+ peak at both the top and bottom of the region). 

Regarding claims 2-4, 17, Darwish teaches that the second layer 1 16 has a plurality of 
peaks (as designated by "P+" in fig. 4) such that a peak is formed at the interface between the 
second and third layers and the second and fourth layers. Regarding claims 6, 19 and 45, 
Darwish teaches that the fourth layer 402 is formed near the bottom of the trench. Regarding 
claims 7, 20 and 46, Darwish teaches that the trench penetrates the first and fourth layers and that 
the fourth layer is formed on the sidewall of the trench (fig. 4, and see fig. 1 ID). Regarding 
claim 10, 23 and 49, Darwish teaches in figure 4 that the interface between the first and second 
layers 1 1 1 and 1 16 is shallow near the trench and deeper in a peripheral portion (e.g. layer 116 
has a deeper portion away from the trench). Regarding claim 1 1, 24 and 50, Darwish teaches in 
figure 5 the depths of the layers including the depth of the body region or second layer 1 16,the 
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delta layer 402 and the depth of the drift region 111. As shown in figures 4 and 5, the depth of 
the body region is less than 3 deep and the bottom of region 1 16 is not more than 1 .2|im 
from the bottom of the trench. Regarding claim 12, 25 and 51, Darwish teaches a fifth layer 1 14 
formed adjacent to the third layer 112. With regard to claims 13, 26 and 52 Darwish teaches the 
first electrode is formed of polysilicon (col. 2, lines 5-6). With regard to claims 16, 29 and 55, 
Darwish teaches a second electrode (not shown, col. 1, lines 66-67) and a third electrode 118 
formed on the top surface of the device, over the third and fifth layers and a second insulating 
film 1 17. Regarding claim 43, Darwish teaches in figure 6A that the trench width is 
approximately 0.6(im while the repetition distance is at least 3.5|nm such that the ratio is 0.6/3.5 
= 0.17. 

Claim Rejections - 35 USC § 103 
The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 
obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set forth in 
section 102 of this title, if the differences between the subject matter sought to be patented and the prior art are 
such that the subject matter as a whole would have been obvious at the time the invention was made to a person 
having ordinary skill in the art to which said subject matter pertains. Patentability shall not be negatived by the 
manner in which the invention was made. 

5. Claims 5, 18 and 44 are rejected under 35 U.S.C. 103(a) as being unpatentable over 
Darwish in view of 2003/0235959 to Lichtenberger et al. Darwish taught the device of claims 1, 
17 and 43 but did not expressly disclose that the insulating film thickness was greater at the 
bottom of the trench than at the sidewalls of the trench. Lichtenberger teaches in figure 4 a 
vertical DMOS device in which trench insulating film 44 is thicker at the bottom of the trench 
than at the sides 15. Darwish and Lichtenberger are combinable because they are from the same 
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field of endeavor. At the time of the invention it would have been obvious to a person of 
ordinary skill in the art to form the device of Darwish having a thicker insulating film at the 
bottom of the trench as compared to at the side. The motivation for doing so, as is taught by 
Lichtenberger, is that such a thicker bottom film minimizes the gate to drain capacitance which is 
useful for high-frequency applications (para. 0012). Therefore, it would have been obvious to 
combine Darwish and Lichtenberger to obtain the invention of claims 5, 18 and 44. 

6. Claims 14, 15, 27, 28, 53 and 54 are rejected under 35 U.S.C. 103(a) as being 
unpatentable over '520 to Darwish in view of 2004/0070028 to Azam et al. Darwish taught the 
device of claims 1, 17 and 43 but did not expressly teach that the gate electrode protruded from 
the trench or that the part that protrudes comprises a low resistance layer. Azam teaches in 
figure 1 and 8 a vertical DMOS device having a gate electrode 17 which has a portion 22 that 
protrudes above a trench. Azam and Darwish are combinable as they are from the same field of 
endeavor as applicant's invention. At the time of the invention, it would have been obvious to 
form the device of Darwish having a gate electrode the extends above the trench. The 
motivation for doing so is that by extending the gate out of the trench, the cross-sectional area is 
increased and thus the gate resistance is lowered (para. 001 1). Azam teaches that the gate 
electrode is typically made of polysilicon but it may also included silicide (para. 0010). It is 
considered obvious to form the gate polysilicon and include a top layer of silicide; such structure 
is well known in the art, the motivation being that silicide has an even lower resistance than 
polysilicon such that the total gate resistance would be even lower. As such, it is considered 
obvious to combine Darwish and Azam to obtain claims 14, 15, 27, 28, 53 and 54. 
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7. Claims 30, 32, 33, 36-39 and 42 are rejected under 35 U.S.C. 103(a) as being 
unpatentable over '520 to Darwish in view of 6,600,193 to Darwish. As discussed above, '520 
to Darwish teaches the device of claim 30 but it does not expressly disclose that the second layer 
has at least 40% of the maximum value of the impurity concentration in a region of not less than 
60% of that layer. Darwish teaches in the c 193 patent, a vertical DMOS device (e.g. fig. 3) 
wherein the doping profile of the channel or body region 34 has a nearly horizontal cross-section 
which indicates that nearly 100% of the region has at least 40% of the maximum value of 
impurity concentration (see fig. 13B). 

The two patents to Darwish are combinable as they are from the same field of endeavor 
as applicant's invention. At the time of the invention it would have been obvious to a person of 
ordinary skill in the art to form the device of '520 to Darwish using the body doping profile as 
taught in '193. The motivation for doing so is that such doping profile provides higher punch 
through breakdown voltage (col. 5, lines 40-45). Therefore, it would have been obvious to 
combine the patents of Darwish to obtain the invention of claims 30, 32, 33, 36-39 and 42. 

8. Claim 31 is rejected under 35 U.S.C. 103(a) as being unpatentable over '520 and '193 to 
Darwish as applied to claim30 above, and further in view of '959 to Lichtenberger et al. 
Darwish made obvious the device of claim 30 but did not expressly teach that the bottom of the 
insulating film in the trench was thicker than on the sides. Lichtenberger teaches in figure 4 a 
vertical DMOS device in which trench insulating film 44 is thicker at the bottom of the trench 
than at the sides 15. Darwish and Lichtenberger are combinable because they are from the same 
field of endeavor. At the time of the invention it would have been obvious to a person of 
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ordinary skill in the art to form the device made obvious by Darwish as having a thicker 
insulating film at the bottom of the trench as compared to at the side. The motivation for doing 
so, as is taught by Lichtenberger, is that such a thicker bottom film minimizes the gate to drain 
capacitance which is useful for high-frequency applications (para. 0012). Therefore, it would 
have been obvious to combine Darwish and Lichtenberger to obtain the invention of claim 31. 

9. Claims 40 and 41 are rejected under 35 U.S.C. 103(a) as being unpatentable over '520 
and '193 to Darwish as applied to claim 30 above, and further in view of 2004/0070028 to 
Azam. Darwish made obvious the device of claim 30 but did not teach that the gate electrode 
extended above the trench. As discussed regarding claims 14 and 15, Azam makes obvious such 
a gate electrode and provides motivation for its combination with Darwish. 

Conclusion 

10. The prior art made of record and not relied upon is considered pertinent to applicant's 
disclosure. The additional disclosures teach at least one of the claimed structures of vertical 
DMOS devices. 

Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to George C. Eckert II whose telephone number is (571) 272-1728. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Tom Thomas can be reached on (571) 272-1664. The fax phone number for the 
organization where this application or proceeding is assigned is 703-872-9306. 
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Information regarding the status of an application may be obtained from the Patent 
Application Information Retrieval (PAIR) system. Status information for published applications 
may be obtained from either Private PAIR or Public PAIR. Status information for unpublished 
applications is available through Private PAIR only. For more information about the PAIR 
system, see http://pair-direct.uspto.gov. Should you have questions on access to the Private PAIR 
system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free). 
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